Introduction: Cancer of the ovaries is the 2 nd most common gynaecological malignancy and has the highest mortality rate among all gynaecological malignancies with an overall 5 year survival rate of 46%. A large number of the lesions are incidentally detected, for which imaging plays a vital role in treatment planning by characterizing these masses. Identifying benign lesions accurately may obviate unnecessary surgery, where as indeterminate or malignant lesions will require surgery with or without radio/chemotherapy.
Results:
Of the 82 patients included in the study, the largest age group belonged to the 3 rd decade (41%). Patients belonging to the 6 th decade and above presented with the largest cases of ovarian cystic malignancies (61%). On imaging, papillary projections, vascular solid components and thick septations (>3mm) favoured malignancy. All cases of teratoma were accurately diagnosed (100% accuracy) due to the presence of fat and calcifications.
Conclusion:
Both Ultrasound and CT are excellent tools in the diagnosis of ovarian cystic masses. An algorithm based approach to ovarian masses allows early detection, saves time and unnecessary burden to the patients and their families. In addition imaging is also useful to identify the extent of the disease and pre-treatment planning.
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InTROduCTIOn
Gynaecological malignancies include cervical cancer, endometrial cancer, and ovarian cancer. Cancer of the ovaries is the 2 nd most common gynaecological malignancy and has the highest mortality rate among all. The overall 5 years survival rate for ovarian cancer despite therapeutic and diagnostic advances has changed little. Imaging plays a vital role in treatment planning by characterizing these masses in terms of benign vs. malignant [1] . In this article we inform the readers the imaging patterns of common and rarely encountered ovarian neoplasms and in addition we provide an algorithm based approach to these ovarian lesions, which will aid in the management and also avoid unnecessary investigations and surgeries.
MATeRIAlS And MeThOdS
This was a prospective study conducted over a period of one year from January 2014 to January 2015 at the Department of Radiology, Father Muller Medical College, Mangalore, India. Father Muller Institutional Ethics Committee approval was obtained prior to the study and patient consents were obtained for use of their radiology images. Data from 82 patients (with an average mean age of 32.3 years) who presented with ovarian cystic lesions on ultrasound and followed up by USG or underwent further evaluation by CT/MRI were included in the study. Patients with a known ovarian primary neoplasm, allergy to contrast agents and those with no follow-up were excluded from this study. are unlikely to be malignant. Cysts of 1-7cm size should be followed up by USG yearly to assess stability. If >7cm, the lesion should be evaluated surgically or further imaging by CT/MRI is required. Complex cystic lesions with solid components/ mural nodules/ thick irregular septae on USG should raise the suspicion of malignancy, and therefore requires serum marker (CA-125) and surgical evaluation. These patients may undergo additional imaging by CT/ MRI preoperatively to characterize the lesion and assess disease extent or following surgery to assess the progress of treatment (radiotherapy/ chemotherapy). An ovarian cyst with internal echoes, foci of calcification or fluid-fluid level is likely to be a dermoid or teratoma. An incidentally detected lesion on CT/MRI with area of fat attenuation, calcification and fat fluid level is diagnostic of a dermoid. Based on our results and the lesion characteristics on the various imaging modalities (USG, CT, MRI) an imaging based algorithm was formulated for approaching ovarian neoplastic lesions, which has been outlined in [ 
ultrasonography (uSG)
USG is the main modality of choice for evaluating pelvic lesions. Its advantages includes low cost, easy availability, lack of ionizing radiation, high sensitivity, and short duration for the examination. On color Doppler malignant lesions maybe differentiated from benign lesions, with the former having low resistance index (RI). A RI of < 0.4 and and a pulsatality index (PI) of < 1.0 favours malignancy. However Doppler USG has limitations as there is considerable overlap of findings between benign and malignant conditions [3] . Disadvantages of USG include its operator dependency and images being affected by patient's body habitus [4] .
Computed Tomography (CT)
The role of CT in characterizing and evaluating ovarian cystic lesions is limited, except for mature cystic teratomas which show areas of fat density and calcifications. Nevertheless CT is the modality of choice for assessing extent of the disease, pre-treatment planning, as well as for follow-up. CT has a sensitivity and specificity of 50% and 92% respectively in the staging of ovarian carcinoma [5] .
Magnetic Resonance Imaging (MRI)
When compared with CT, MRI has better tissue characterization and multiplanar capabilities with anatomical delineation. In most case contrast enhanced MRI allows differentiation between benign and malignant ovarian cystic lesions [6] . For sonologically indeterminate lesions, MRI reportedly has a sensitivity and specificity of about 100% and 94% respectively [7] . Due to its high cost and limited availability it's often used as a problem solving tool in indeterminate lesions.
Positron emission Tomography (PeT)/ PeT-CT
PET/ PET-CT is routinely not done for detection of primary cancer. However, its gaining popularity for its role in pretreatment planning and follow-up. Its disadvantages include false negatives with borderline indeterminate ovarian tumors and false positives with conditions causing increased FDG uptake such as endometriosis, fibroids, and normal follicles in premenopausal women [5, 8] . Increased FDG uptake in post menopausal women is abnormal. With regards to tumour recurrence detection, PET/ PET-CT is superior to CT and MRI with higher sensitivity and specificity [9, 10] .
BenIGn OvARIAn CySTIC leSIOnS
Functional/ haemorrhagic Cysts
Functional cysts on ultrasound have thin wall (< 3mm), are unilocular and with posterior accoustic enhancement [11] . a heterogeneous haemorrhagic clot. Features favouring malignancy include-solid components, nodular septae, vascularity within the lesion and papillary projections [12] . In premenopausal women, ovarian cysts with uniform internal echoes, reticulations or septations may represent an endometriotic cyst or haemorrhagic cyst. A follow-up ultrasound should be performed after the next menstrual cycle or after one month [13] . A haemorrhagic cyst would resolve following the interval period, while an endometriotic cyst would persist or may even increase in size. On MRI functional cysts are hypointense on T1 weighted images (T1-WI) and hyperintense on T2 weighted images (T2-WI). Haemorrhagic cysts, due to its blood products appear hyperintense on T1-WI and intermediate to hyperintense on T2-WI, which may be difficult to differentiate from endometriotic cysts [14] .
Polycystic Ovaries
5-10% of all women of reproductive age are affected by polycystic ovarian syndrome (PCOD) [15] . PCOD is characterized by menstrual irregularities, obesity, hirsuitism and sclerotic ovaries. However, not all women with USG features of polycystic ovaries have PCOD.
Transvaginal Ultrasonography (TVS) is the gold standard, and the characteristic imaging feature is a string of pearls' appearance, where 10 or more tiny cystic follicles (< 10mm diameter) are arranged in the periphery around a central stroma within a bulky ovary [16] . MRI is seldom used as it doesn't provide additional information. They're best seen on T2-WI where hyperintense cysts are seen in the periphery arranged around a central hypointense central stroma.
endometrioma
Implantation of endometrial tissue outside the uterus is known as endometriosis. 80% of the cases are implanted in the ovaries [17] . Patients may be asymptomatic or present with dysmenorrhoea, pelvic pain and infertility. They have a varied presentation on USG ranging from a cyst with low level internal echoes to a complex mass with hyperechoic foci due to a cholesterol cleft or blood clot in the wall. On CT endometrioma may mimic a malignant lesion. On MRI, these lesions are very hyperintense on T1-WI , fat saturated T1-WI and intermediate to hypointense on T2-WI, due degradation products of haemoglobin in various stages and decreased free water content [18] . Endometrioma may also present as multiple hyperintense foci on T1-WI in both ovaries. Malignant transformation of endometrioma especially to endometroid or clear cell adenocarcinomas are seen in only less than 1% of the cases, and appear as hypointense lesions on T2-WI with enhancing mural nodules [19] .
BenIGn ePIThelIAl OvARIAn TuMOR
They're seen in the younger age group and primarily cystic, while their malignant counterparts are cystic with solid components [20] . Serous and mucinous cystadenomas are the two most common subtypes of benign epithelial neoplasms. Serous cystadenomas are mostly thin walled and unilocular [Table/ Fig-5 ], very rarely multilocular and are usually bilateral. They're hypointense on T1-WI and hyperintense on T2-WI and show no significant post contrast enhancement. Mucinous cystadenomas are larger than serous cystadenomas, are multilocular (honeycomb pattern) [Table/ Fig-6 ], with thin wall and septae without significant post contrast enhancement [21] . The MRI signal intensity (SI) of mucinous cystadenoma depends on the mucin content and maybe hypointense on T2-WI when dehydrated mucin is present.
An uncommon ovarian epithelial neoplasm is Cystadenofibroma, where fibrous stroma is the major component along with an epithelial lining. They're seen in premenopausal women and most are benign, and an accurate diagnosis avoids unnecessary surgery [22] . On imaging, 50% are purely cystic, while the remaining are complex cystic lesions with solid component and/ or thick septa, mimicking malignancy [23] . On MR T2-WI, the solid components are hypointense (isointense to skeletal muscle), while the cystic components are hyperintense [24] . Another variable presentation is cyst wall partial/diffuse thickening with/without solid components on T2-WI, with the solid components showing post contrast enhancement.
Mature Cystic Teratoma is mostly seen in women < 45 years of age. It comprises of tissues derived from all 3 embryonic germ cell layers, consisting of skin glands, hair follicles, sebaceous material and muscles. On imaging, they have a variable appearance, ranging from cystic to solid or mixed with predominantly fat components . The fat content on CT will show negative HU attenuation values, while on MRI they will be hyperintense on T1-WI and suppressed on T1 fat saturated images [21, 25] .
Malignant Cystic Ovarian lesions
On imaging malignant lesions of the ovaries may present as complex masses with solid-cystic areas. Features favouring malignancy include septations (>3mm), thick irregular wall (>3mm) and solid enhancing areas with areas of necrosis [26, 27] . Ascites, lymphadenopathy, peritoneal and omental implants are other possible associated findings depending on the extent of the disease. When compared with Doppler USG and Contrast enhanced CT, MRI is more sensitive and specific [28] .
Serous cystadenocarcinomas [Table/ Fig-8 [29, 30] .
Granulosa cell tumors are the commonest malignant sex cord tumor comprising < 5% of all malignant ovarian tumors. They're associated with endocrine abnormalities such as menorrhagia, menstrual irregularities, and amenorrhea secondary to estrogen production by the tumor [28] . On CT/MRI they appear as a solid-cystic mass, resembling sometimes a honey comb pattern, where the spaces are filled with serous fluid or haemorrhage. The cystic component is usually hyperintense on T2-WI and the solid component is intermediate to hypointense. When haemorrhage is present, the cyst appear hyperintense on T1-WI & T2-WI [3] .
Ovarian metastases comprise 10% of all ovarian tumors [21] . Metastatic spread is either directly or via peritoneum. [Table/ Fig-7 ]: Lesion showing echogenic areas on ultrasound and fat density areas on CT suggestive of mature cystic teratoma in 38 year old female patient.
[Table/ Fig-8]: A case of histopath proven serous cystadenocarcinoma in a 46 year old female patient.
[Table/ Fig-9 ]: A case of ovarian dysgerminoma in a 16 year old girl.
The most common primary being bowel, stomach and breast. Kruckenberg tumors refer to ovarian metastasis from gastric cancer, and are mostly bilateral and solid [Table/ Fig-10] , [31] . Metastases from colon carcinoma to ovaries commonly present as multiloculated cystic masses with a solid component [32] . On imaging the presence of thick mucinous content causes these lesions to appear as hypointense on T2-WI.
COnCluSIOn
Ovarian lesions comprise a spectrum from benign to malignant. Imaging plays a crucial role not only in aiding the diagnosis, but also in helping the surgeons for pre-op planning and in post treatment follow up. We are aware of the presence of several existing online literature regarding imaging based evaluation of ovarian neoplasms. However ,we feel ours is unique as there are very few articles regarding this subject based on the Indian population, and in addition we provide a unique algorithm based approach to these lesions which can help differentiate benign from malignant neoplasms and can obviate unwarranted surgery and therefore avoid unnecessary cost, stress and inconvenience to patients and their families.
